A Novel Method to Increase Tumor Ablation Zones with RFA by Injecting the Cationic Polymer Solution to Tissues: In Vivo and Computational Studies.
This study aims to examine, for the first time, the introduction of cationic polymer solutions to improve radiofrequency ablation (RFA) in terms of a potentially enlarged ablation zone. By using in vivo and computational RFA studies, two cationic polymers, Chitooligosaccharides (COS) and carboxymethyl chitosan (CMC), diluted in deionized water, were injected into tissues separately surrounding the RF bipolar electrode prior to power application. A total of 9 rabbits were used to 1) measure the increase in electrical conductivity of tissues injected with the cationic polymer solutions, and 2) explore the enhancement of the ablation performance in RFA trials. A computer model of RFA comprising a model of the solution diffusion with an RF thermal ablation model was also built, validated by the in vivo experiment, to quantitatively study the effect of cationic polymer solutions on ablation performances. Compared to the control group, the electrical conductivity of rabbit liver tissues was increased by 42.20% (0.282±0.006 vs. 0.401±0.048 S/m, P = 0.001) and 43.97% (0.282±0.006 vs. 0.406±0.042 S/m, P = 0.001) by injecting the COS and CMC solution at the concentration of 100 mg/mL into the tissues, denoted [Formula: see text] and [Formula: see text], respectively. Consequently, the in vivo experiments show that the ablation zone was enlarged by 95 % (47.6±6.3 vs. 92.6±11.5 mm2, P < 0.001) and 87% (47.6±6.3 vs. 88.8±9.6 mm2, P < 0.001) by [Formula: see text] and [Formula: see text], respectively. The computer simulation shows that the ablation zone was enlarged by 71 % (51.9 vs. 88.7 mm2) and 63 % (51.9 vs. 84.7 mm2) by COSDW100 and CMCDW100, respectively. The injection of the cationic solution can greatly improve the performance of RFA treatment in terms of enlarging the ablation zone, which is due to the increase in the electrical conductivity of liver tissues surrounding the RF electrode. This study contributes to the improvement of RFA in the treatment of large tumors.